




Rope vibration – particularly on monocable ropeway systems 
 








Increased carrying capacity per hour with higher comfort is a top feature of modern 
monocable systems.  Demands on the ropes have developed correspondingly. Today, a 
greater number of pulley contacts, higher breaking loads, vibration-free running and 
long durability at controlled strains, are all necessary quality features. 
 
One of the consequences of this development is the use of larger diameter and faster 
running ropes and the increase of the suspended masses, at the same time using light 
weight construction methods for the terminals and the system components. 
 
These developments clearly affect the structural dynamic parameters of the system. 
The tensioning of the rope between the lower and upper terminals gives rise to a 
system which is susceptible to vibrations.  This manifests itself in the dynamics of the 
operation. 
 
Troublesome vibrations on the line and in the terminals can impair safety and comfort.  
In extreme cases, cracks in welded seams of support towers, failure of ladder fixation or 
passenger eye and head pain have occurred. 
 
The stranded ropes can induce these vibrations when it’s uneven surface runs over the 
rollers. This effect got worse both by higher rope velocities and because of the fact that 
roller diameters have not increased in proportion to the increase in the rope diameter. 
 
When considering the dynamic characteristics of the components, it is important to 
consider the system and not just the components individually.  It is the interaction of the 
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Rope producers are in a position to influence the design, the geometry, the installation 
and splicing of the rope. In addition, they can make recommendations that will reduce 
the sensitivity of monocable systems to vibrations. 
 
The relationships formulated above have been known for about 10 years [1] [2], and 






2. Vibration induced  by the rope  
 
Essentially there are two reasons why a rope can have an effect on the smooth running 
of the system: 
 
- the uneven contour of the outer surface of the rope causing strand induced 
vibrations 
- an unevenness of the rope itself causing lay length induced vibrations 
 












Explanation of strand induced vibrations 
 
The strands of the rope induce vibrations in the system because the sheave “hops” from 
one strand to the other as it runs over the rope. 
 
The rollers normally have a constant axial distance and are assembled in a bogie built 
on the basis of a geometrical series. This ensures a uniform load distribution and allows 
the grips to pass over the rollers comparatively smoothly. The suspension of the rollers 
should also damp any strand-induced vibration. This can be achieved by coordinating 
the length of lay of the rope and the “effective pitch” of the rollers. The “effective pitch” 
of the rollers can be defined as the length of rope between the middle of the ellipses-of-
contact of two rollers under normal operating conditions of the ropeway. 
 
The two lengths are said to be coordinated when the middle of the ellipse-of-contact of 
one roller passes on a hump of the rope while it’s neighbor is in a strand gap.  
 
The consequence of this “up and down” motion is a vibration with the following 
frequency f: 
 
f = n * v / λ  with n ... number of outer strands of the rope 
v ... rope speed 
λ ...length of lay 
 
 
Explanation of lay length induced vibrations 
 
A rope can become uneven due to a collapsed or a high strand. This causes a 
periodical unevenness in the rope, with “humps” and “gaps”. To prevent such 
occurrence to cause vibrations, the sheave distance of the rockers should be chosen so 




This type of unevenness results in a vibration with the following frequency f: 
 
f = v / λ with v ... speed 




To reduce the effect of the two types of vibrations, their size and frequency range 
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Depending on the rope diameter and the number of strands, strand induced excitation is 
found at frequencies in the region of 30 Hz to over 150 Hz. This excitation is always 
present. The energy transferred to the structure, however, depends on the match 
between the lay length and the geometry of the sheave rocker. It is known that the 
vibrations so produced mainly affect the towers. Frequencies of around 100 Hz are 
usually the cause of construction component damage and are therefore the main 
concern of safety. 
 
Lay length induced frequencies are in the region of 5 Hz and up to around 30 Hz. This 
range of frequency is badly tolerated by passengers as the natural frequencies of the 
organs of the human body lie within this frequency range. Originating in the roller 
battery, these vibrations are transferred into the suspension gear via the rope, where 
they tend to reduce comfort levels. 
 
The effect of the uneven contour of the rope can be reduced by suitable matching of the 
lay length and the sheave train geometry, independently of whether the contour is 













Figure 3: Matching the uneven rope with uneven contour of the outer surface to the 
sheave train geometrie 
 
 
Today ropes have six outer strands as standard for moncable systems. One has to 
accept therefore the uneven contour of the rope surface. It can be proven that given 
proper matching of the uneven rope contour with the geometry of the twin sheave 
rocker, the excitation energy can be minimized to an extent that it is no longer 
troublesome. 
 
In conclusion the statement can be made that in order to minimize the up and down 
movement of the rocker axis, the lay length of the rope and the distance of the effective 
pitch of the rollers have to match. This means that if roller 1 is over strand number 1, 
then roller number 2 must be situated over one of the gaps between two strands. This 
should not be the gap between strands 1 and 6 or strands 1 and 2. 
 







3. Consequences for rope treatment 
 
The rope contour can be matched with the sheave train geometry by choosing the 
appropriate lay length as built in, spliced and set. Figure 4 shows the situation for both 
strand induced vibrations and lay length induced ones for a rope with 45 mm diameter 
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Figure 4: Example of induced vibrations for a geometry with a 45 mm rope and 
conventional rocker design 
 
 
A lot of experience is needed, however, to determine the lay length of the rope, because 
the geometry of the rope may change between fabrication and splicing. When 
considering the "critical" and "target " zones, it is obvious that the lay length must be 
within very narrow margins when set.  It is therefore necessary to check the lay length 
consistency also during the installation of the rope. 
 
Subsequent measurements of the lay lengths on ropes, which have been in operation 
for one or more seasons have shown that the spread between the production value and 







f the forces at the stranding point are practically self-adjusting. Subsequent 
train 
eometry among others. The compromise design parameters for modern ropes with 
iameters between 30 mm and 50 mm are found within these limitations, Figure 5. 
 
 
On the other hand, the vibration caused by the unevenness of the rope is less critical. 
This is not least because, in the vertical stranding process as by Fatzer, the unifo
o
measurements show that we lie significantly under the legal and regulation  limits. 
 
Today the rope manufacturer is asked to suit the length of lay of the rope to the 
specifications given for the ropeway. At the same time the rope manufacturer is limited 
in the choice of the length of lay, as it is related to the rope diameter. Breaking strength 
requirements, elasticity and splice efficiency set minimum and maximum limits. On the 






Figure 5 : Sheave train layout characteristics in relation to rope diameter and number of 
lized. The 
iagram shows that the diameter of the rollers becomes relatively smaller with 
creasing rope diameter. This makes it more difficult to eliminate vibrations. 
strand.  
 
In ropeways with rope diameters up to about 38 mm and conventional double rocker 
bogey design it is not always possible to achieve a satisfactory practical solution. On the 













he relationships formulated have already been investigated in several systems where 
ments it is advantageous to gather data simultaneously at 
ree positions. An accelerometer should be fixed close to the sheave axle of the 
ibrations. It was always the lay 
ngth that was varied. The improvement could be documented from the measurements 
 geometry of the rope and the rollers is not constant along the 
peway. For instance, the tensioning of the rope changes from tower to tower as does 
y 
ngth two important parameters will be changed at the same time.  Firstly, due to the 
T
a rope change became necessary because of component vibrations that were both  
unacceptable and caused concern as to safety.  
 
Vibration measurements should be carried out on the installation both to provide data 
for making decisions on changes and to document possible improvements. 
 
In carrying out such measure
th
sheave rocker, one on the main axle of the roller battery and a third one on the tower 
carrying the part in question. 
 
This procedure showed clearly that the demands made on system components on the 
towers can be reduced substantially for strand induced v
le
by FFT calculation of the amplitude of the acceleration and the related frequency. The 
measured frequencies confirmed the calculated values. 
 
It should be noted that the
ro
the deflection of the rope. These facts have to be considered when making decisions on 
changes in construction. 
 
In judging the measured results it should be noted that with the correction of the la
le
improved geometric situation, the excitation amplitude of the rocker is reduced and 
























 is to be recommended to explore the effect of possible changes in the excitation 
equencies before changing the rope. This can be done by varying the velocity of the 
xisting rope. 
. Notes on rope installation 
% when spliced into the ropeway system. 
e rollers all 
fluence the actual value of the lay length. 
 
It may be  advantageous to estimate the level of torque before dimensioning the 
antitwist clamp when heavy ropes must b tallations with high 
vertical rise.   The torque can be estimated using the following formula [5] : 
 
M = 0.15 * d * F 
 
d ... rope diameter in mm 
F ... force in kN 
M ... torque in Nm 
tential to increase the 
perational speed.  To this end the market will be looking for solutions which are optimal 
here are several solutions prepared for minimising vibration problems, for example [3], 
stry itself is working on the realization of the round stranded rope in order 












For a rope manufacturer, it is not difficult to supply a rope with a pre-determined lay 
length direct from the factory.  It is more problematic, however, to get the lay length 
within the allowable tolerance of around ± 1 
 
For this reason it is necessary above all to exercise great care during the installation of 
the rope. Decision concerning the type of stringing line, the use or the absence of an 
antitwist guidance and the quality of the alignment of the rope guidanc
in







The development of modern, high capacity ropeway systems is certainly not yet at an 
end. The double entry system for example, offers further po
o
with respect to travel comfort and component loading. 
 
T









he manufacturers of systems and cabins also realize their responsibilities and are 
mic aspect both of individual components and of component 
ssemblies.  
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